We investigated familial and environmental risk factors in a cohort of South African children diagnosed with attention-deficit hyperactivity disorder (ADHD). A prospective, hospital-based case control study was conducted comprising 50 children diagnosed with ADHD and 50 matched non-ADHD controls. The adjusted effect of familial-environmental risk factors on ADHD was determined by systematic assessment. Birth complications, parental psychiatric disorder, maternal ADHD, early childhood trauma, and nonmaternal child care were significant risk factors for ADHD. Prolonged breastfeeding was found to be protective. In a multivariable logistic regression model, 5 criteria (birth complications, breastfeeding <3 months, at least 1 parent with tertiary education, presence of parental psychiatric disorder, and nonmaternal primary caregiver) differentiated ADHD from non-ADHD controls with a sensitivity and specificity of 74% and 86%, respectively. We found a correlation between certain familial and environmental risk factors and ADHD. A 5-criterion multivariable logistic regression model may offer clinical guidance in ADHD diagnosis.
Attention-deficit hyperactivity disorder (ADHD) is a neurobehavioral disorder affecting 5% to 10% of children globally and an estimated 2% to 8% of South African children. 1 There is strong evidence of heredity in ADHD. Family studies have consistently found higher rates of ADHD in parents and siblings of affected probands, compared to relatives of unaffected controls, with greater association between paternal versus maternal ADHD and childhood ADHD. 2 The high heritability of ADHD has fuelled efforts to identify susceptibility genes. Candidate genes associated with ADHD include DAT1 (dopamine transported gene-1), DRD4 (dopamine 4 receptor gene), DRD5 (dopamine 5 receptor gene), and SNAP 25 (synaptosomal-associated protein of 25-kDa gene). 3 Besides for genetic factors, environmental and other modifiable risk factors have also been implicated in ADHD. 4 These include maternal stress during pregnancy, 5 prenatal substance exposure (alcohol, smoking, secondhand smoking, and drug use in pregnancy), [6] [7] [8] [9] [10] pregnancy and birth complications (antepartum hemorrhage, prematurity, low birth-weight, intrauterine growth restriction, and low Apgar scores), [11] [12] [13] and external agents (nutritional factors, psychosocial adversity including physical and emotional abuse of child, family adversity, and low family cohesion). [14] [15] [16] It remains unclear as to whether any of the above-mentioned associations are causal. There is growing evidence from studies using genetically sensitive designs that most associations with ADHD are due, at least in part, to confounding genetic or household-level factors. 17 This study attempted to investigate the correlation between certain familial and environmental risk factors and childhood ADHD in resource poor countries.
Methods
A prospective, hospital-based case-control study was conducted with 50 ADHD children and 50 non-ADHD controls of both genders. The study was conducted at Paarl Hospital, a regional hospital in the Western Cape Province of South Africa, serving a population of predominantly lower to middle socioeconomic status. Fifty children diagnosed with ADHD, based on the Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition criteria, were recruited from the general pediatric clinics. Fifty non-ADHD controls were recruited from the general pediatric, surgical, and orthopedic clinics and wards.
All the children and their relatives were systematically assessed with structured diagnostic interviews. ADHD was diagnosed using the Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition criteria. The parent of each non-ADHD control completed the Parent and Teacher Swanson, Nolan and Pelham questionnaires to exclude children with undiagnosed ADHD. Study participants were aged 5 to 13 years and had to be living with at least 1 biological parent. All children were assessed to be suitable for mainstream education (Intelligence Quotient >70 and age-appropriate for school grade). Children with intellectual disability (Intelligence Quotient <70, and therefore in schools for learners with special educational needs), any congenital or chromosomal abnormalities, neurologic disorders, fetal alcohol syndrome, and any chronic disease, including eczema, 18 were excluded from the study. None of the children had known human immunodeficiency virus infection.
Variables and risk factors investigated in the study included current age, age at ADHD diagnosis, ADHD subtype, smoking and drinking (quantified) during pregnancy, prenatal exposure to ''second-hand'' smoking and ilicit drugs, low birth weight, gestational age, small for gestational age, birth complications, breastfeeding, maternal age at conception, maternal and paternal education, family size, single parenthood, parental psychiatric or addictive disorder, early traumatic events, ADHD in other siblings, maternal or paternal ADHD, principal caregiver, parental absence for longer than 3 months at a time, formal or informal housing, previous referral to a social worker and/or psychologist and human immunodeficiency virus status.
The Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition classification identifies 3 subtypes of ADHD: (1) ADHD predominantly inattentive type, (2) ADHD predominantly hyperactive-impulsive type, and (3) ADHD combined type. Low-volume drinking was defined as consumption of 1 to 4 drinks weekly, and moderate drinking 5 to 8 drinks weekly. A binge episode was defined as an intake of >4 drinks on a single occasion. Our definition of a ''drink'' was the amount of alcohol equivalent to 12 g of pure alcohol. Prematurity was defined as delivery before 37 weeks' gestation and low birth weight as <2500 g. Large family size was defined as having 3 or more children. Intrauterine growth restriction or ''small for gestational age'' was defined as weight below the 10th percentile for gestational age. Birth complications included low Apgar scores (less than 6 at 5 minutes), antepartum hemorrhage, and perinatal complications or neonatal illness.
Parental education was classified according to the years spent in formal education (grades successfully completed). South Africa has a 3-tier system of education starting with primary school (grades 1-7), followed by secondary school (grades 8-12) and tertiary education. Schooling is compulsory for all South Africans from the age of 7 years (grade 1) to the age of 15 years, or the completion of grade 9.
Exposure to early traumatic events included any of the following: divorce or separation of parents, family members with mental illness, family alcoholism or substance abuse, witnessing of death, death of a pet, death of a sibling, parent or grandparent, serious injury or violence to others, serious injury or illness of sibling, motor vehicle or motor vehicle-pedestrian accident and natural disaster.
The parents completed the ADHD Self-Report Scale-V1.1 to determine whether they themselves might have ADHD. 19 This scale consists of 6 questions. A score of 4 or higher might be an indication that an adult has ADHD. Adults with scores of 4 and higher were counseled and given the option of referral for diagnostic workup and management of ADHD.
The study and control groups were compared using analysis of variance for continuous/ordinal variables, and cross tabulation with the chi-square test for categorical variables. Both of these statistical methods take into account matching, as the 2 groups were independent. The matching was done to ensure that the groups were comparable. Univariate logistic regression analysis was used to determine the adjusted effect of familial-environmental risk factors and ADHD. A multivariable logistic regression model was constructed to identify criteria that were independently associated with ADHD, compared to controls. Significant criteria (P < .05) on univariate analysis were selected for the multivariable logistic regression model. Five criteria identified by forward stepwise selection at the 5% level were then used to construct a receiver operating characteristic curve to assess diagnostic accuracy.
Results
In total, 100 children-50 with confirmed ADHD and 50 healthy non-ADHD controls-were recruited for the study over a period of 6 months (July-December 2013). The median age of ADHD diagnosis was 84 months (range 60-156 months). The 2 study groups were matched for age and gender. Table 1 illustrates the differences in biological factors between the ADHD children and non-ADHD control groups. Table 2 illustrates lifestyle differences between the 2 groups. Table 3 assesses the diagnostic value of biological and lifestyle factors using multivariate logistic regression analysis.
Five variables were significantly associated with ADHD on multivariate analysis; birth complications, breastfeeding <3 months, at least 1 parent having a tertiary education, presence of parental psychiatric disorder, and nonmaternal primary caregiver. These 5 criteria correctly identified 76% of ADHD cases. A receiver operating characteristic curve using the 5-variable predictive model delivered an area under the curve of 0.88 (95% confidence interval 0.82-0.95), with a sensitivity of 74% and a specificity of 86% (Figure 1 ).
Discussion
This is the first study of South African children with ADHD looking at potential familial-environmental risk factors. Birth complications were shown to be significantly associated with ADHD in our study. Birth asphyxia, antepartum hemorrhage, cord prolapse, and low Apgar scores have been shown to be risk factors for the development of ADHD. 11, 12, 20 Prematurity and intrauterine growth retardation at birth is associated with increased risk for ADHD. 12, 13 Infants born between 35 and 36 weeks' gestation have a 30% greater chance of developing ADHD compared to term infants. 21 The higher risk is thought to be related to disruption of cerebral maturational processes. 22 An additional contributing factor may be the effects of stress such as pain, maternal separation during intensive care stay, increased auditory and visual stimulation, and sleep deprivation. We similarly found an association between prematurity and ADHD (P ¼ .06). Studies that investigated the independent effects of prematurity and intrauterine growth retardation on the fetal brain found that children with intrauterine growth retardation were at the highest risk of developing ADHD. 13 The higher risk of ADHD may be related to early life protein restriction altering cerebral dopamine circuitry. 23 In contrast to other studies, intrauterine growth retardation was not a significant risk factor for ADHD in our study population.
Any psychiatric or physical illness in a parent can have an impact on the family dynamics and development of a child. 24 In this study, the prevalence of psychiatric illness proved significantly higher in parents with ADHD children. The prevalence of parental ADHD in children with ADHD may be as high as 30% to 40%. 2 ADHD in children and adults increases the risk of parental difficulties and interparental discord. This emphasizes the importance of parental evaluation when diagnosing a child with ADHD. The familial nature of ADHD was also evident in this study; the prevalence of maternal ADHD proved significantly higher in children with ADHD. Future family-genetic studies, it is hoped, will clarify the etiology and nosology of ADHD.
A large study of more than a million children reported strong links between receiving medication for ADHD and single-parent families, limited maternal education and welfare benefits. 25 Women who had only received the most basic education were 130% more likely to have a child on ADHD medication. Children were 54% more likely to be on ADHD medication if they came from single-parent families. Children who grow up with single parents are more likely to experience cognitive, emotional, and social problems. 26 In our study, the prevalence of single parenthood was similar and alarmingly high in both study groups. Daytime parental absenteeism was also significantly increased in the ADHD group. Mothers were often sole breadwinners and their children attended a day care center or were looked after by the grandmother. This might have future implications as more mothers become the primary breadwinners in South Africa. 27 Traumatic events can have a profound impact on childhood development at all stages, including behavioral abnormalities and attention difficulties. The significant number of children with ADHD who experienced a traumatic event concurs with findings well described elsewhere. 28 Prolonged breastfeeding has been shown to be protective against the development of ADHD. 15 It is unclear whether the benefit relates to the breastmilk itself, or to the special bond formed between mother and baby during breastfeeding. Short duration of breastfeeding (less than 3 months) was found to be a significant risk factor of ADHD symptoms in our study.
Most previous studies have identified smoking during pregnancy as a consistent risk factor for ADHD. 6, 7 It is postulated that the risk of future ADHD is increased by stimulation of nicotine receptors in the fetal brain, which dysregulate dopaminergic activity. Excessive smoking in pregnancy may also result in fetal hypoxia, which adversely affects brain development. This study found no association between ADHD and smoking in pregnancy. Exposure to secondhand smoke was also not increased in the ADHD study group. 8 These findings are possibly explained by the very high prevalence of smoking (>30%) in both study groups.
South Africa has one of the highest incidences of fetal alcohol syndrome globally, with the greatest prevalence reported in the Western Cape Province. 29 The behavioral phenotype of children with fetal alcohol spectrum disorders includes attention difficulties. Although ADHD is diagnosed in up to 94% of children with high prenatal alcohol exposure, the exact relationship between fetal alcohol spectrum disorders and ADHD remains unclear. 30, 31 Prenatal alcohol intake was not significantly increased in the ADHD group, which may be related to underreporting and the fact that the study excluded children with fetal alcohol syndrome.
The higher educational level of the parents in the ADHD group is in contrast with findings from most other studies. 16, 25 This finding may be attributed to referral bias because of better awareness of ADHD in more highly educated parents. Further studies are needed to compare the prevalence in the different South African socioeconomic classes with larger study populations.
The use of a 5-criterion model (birth complications, breastfeeding <3 months, at least 1 parent having a tertiary education, presence of parental psychiatric disorder, and nonmaternal primary caregiver) may offer clinical utility where diagnosis is unclear and in settings where neurodevelopmental and/or child psychiatry experience is limited.
We acknowledge the following study limitations. First, our sample was relatively small. Second, our ADHD and control group consisted of children who were randomly selected from the general pediatric, surgical and orthopedic clinics, which do not necessarily reflect all the children from that community (referral bias). Third, the ADHD study group consisted of children diagnosed and receiving pharmacologic treatment for ADHD, and therefore likely to reflect more severe cases. ADHD Combined type, the most common subtype in the study and worldwide, especially among boys, are also more likely to be referred. 32, 33 
Conclusions
This hospital-based case-control study identified that birth complications, parental psychiatric disorder, maternal ADHD, nonmaternal child care, early traumatic life events, and short periods of breastfeeding are associated with ADHD children in South Africa. In contrast to other studies, higher level of parental education, smaller family sizes, and better housing were found in the ADHD group. A 5-criterion model comprising presence birth complications, breastfeeding <3 months, at least 1 parent with tertiary education, presence of parental psychiatric disorder, and a nonmaternal primary caregiver may offer clinical guidance. The study findings emphasize the importance of a biopsychosocial approach when managing children with ADHD. 34 Figure 1 . Receiver operating characteristic curve using a predictive model including birth complications, breastfeeding <3 months, at least
